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Fertilization in Callochiton castaneus (Mollusca)
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Abstract. A fine-structural study of fertilization in Callo-
chiton castaneus has revealed that the mechanism of sperm
penetration into the egg is intermediate between the primi-
tive condition found in members of the order Lepidopleu-
rida and the more derived condition found in the Chitonida.
C. castanens sperm have the long needlelike nuclear fila-
ment and reduced acrosome that characterizes all Chitonida.
but they have retained several plesiomorphic features such
as an unspecialized mid-piece and a lack of flageilar rein-
forcement. As in some Lepidopleurida but unlike any Chi-
tonida, the egg hull in this species comprises a thick. smooth
jelly coat permeated by pores that permit sperm rapid access
to the vitelline layer. The jelly coat is delicate and quickly
dissolves when a sperm concentrate is used, suggesting that
excess acrosomal enzymes may be responsible. Once the
sperm have penetrated the vitelline layer. the long nuciear
filament bridges the gap to cups in the egg membrane.
However, once the fertilization membrane is raised, the
perivitelline space exceeds the length of the nuclear fila-
ment, preventing other sperm from penetrating the egg. A
fertilization cone forms around the nuclear filament of the
penetrating sperm, but it does not appear to engulf the body
of the sperm. Rather, the nuclear chromatin is injected into
the egg as a long thread. The remaining sperm organelles
are apparently abandoned on the egg surtace. If this is the
case, it would be a significant departure from fertilization in
other molluscs and many other metazoans. in which sperm
organelles, such as centrioles and mitochondria, enter the
egg.

New sperm and egg characters. as well as significant
differences in fertilization, indicate that Callochitonidae are
basal to all other members of the order Chitonida and may
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warrant separation as the sister taxon to the suborders Chi-
tonina and Acanthochitonina.

Introduction

Sirenko (1997) recently classified extant chitons into two
orders. Lepidopleurida (suborders: Lepidopleurina and
Choriplacina) and Chitonida (suborders: Chitonina and
Acanthochitonina). Lepidopieurida are considered basal 1o
chitons in general. because they possess many primitive
traits. For example, shell valve structure and articulation is
simpler and ties in well with the fossil record (Sirenko,
1997); also they are the only chitons known to have typical
aquasperm with prominent acrosomes. and eggs with
smooth hulls (Hodgson er al., 1988: 1989: Eernisse and
Reynolds, 1994: Buckland-Nicks, 1995: Pashchenko and
Drozdov, 1998). Presumably, in the ancestor of all members
of Chitonida, the sperm acrosome became reduced to a
minute vesicle atop a long needlelike extension of the
nucleus, since this arrangement is found in all extant Chi-
tonida (Buckland-Nicks e7 al., 1990) but not in any Lepi-
dopteurida examined to date (Hodgson et al., 1988: Pash-
chenko and Drozdov, 1998). The intermediate condition of
a prominent acrosome and short nuclear filament was re-
cently discovered in the lepidopleurid Deshayesiella cur-
vata (Pashchenko and Drozdov, 1998).

The term egg “hull™ is used here instead of “chorion™ as
in previous publications (Buckland-Nicks er al.. 1988a. b:
Buckland-Nicks, 1993, 1995). to describe the noncellutar
envelope enclosing the egg and its vitelline layer, because
Richter (1986) showed that both the vitelline layer and the
hull of chitons are formed by the egg and not by the follicle
cells as in other Metazoa (for review of terminology. see
Eernisse and Reynolds, 1994).

Chiton eggs evolved from having smooth unspecialized
hulls, with fertilization presumably occurring anywhere on
the surface, to having efaborate spinous or cupulous hulls
that focus sperm to specific regions of the egg surface
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(Buckland-Nicks, 1993, 1995). Among Lepidopleurida,
Leptochiton asellus has a smooth hull comprising a Lhick
homogeneous jelly coat (Hodgson ef al., 1988), whereas D.
cwvata egg hulls are composed of a jelly coat that is
penelraied by regularly spaced pores (Pashchenko and
Drozdov, 1998). The mechanism of fertilization must be
quite different in these lepidopleurids compared to Chito-
nina such as Stenoplax conspicua (Buckland-Nicks, 1995),
or Acanthochitonina such as Tonicella lineata (Buckland-
Nicks er al., 1988b), because of basic differences in sperm
acrosomes and egg hull structure. Sperm structure of dif-
ferent species has been found to be an accurate indicator of
phylogenetic relationship and sometimes is used as grounds
for reclassifying species to alternative taxa (Jamieson. 1987;
Healy, 1988; Hodgson er al.. 1996).

The tamily Callochitonidae, although placed within Lhe
order Chitonina and regarded as “evolutionarily advanced”
(Sirenko. 1997). exhibits several plesiomorphic traits
(Buckland-Nicks, 1995) and is therefore one of several
groups lhat are important to investigate in clanfying the
phylogeny of chitons. This study describes in detail. for the
first time in Callochiton castaneus, the structure of the egg
hull and the mechanism of fertilization. The information
gained 1s discussed in relation to the evolution of mecha-
nisms of (ertilization in chilons, as well as 10 chilon phy-
logeny in general.

Materials and Methods

Specimens of Callochiton castanens Wood, 1815, were
obtained in breeding condition from beneath intertidal rocks
at East London (33° 03" S: 28° 03" E) and Port Allred (33°
52" S: 26° 53" E). South Africa, from August to October
1999. The animals were brought back to the laboratory and
placed mdividually in 60-mm petri dishes half-filled wilh
0.45-pm filtered seawater (FSW). Some individuals of each
sex had spawned by 1he second day. Alternatively, eggs or

sperm were obtained by removing the foot and digeslive
¢land and puncturing the dorsal gonad.

If the specimen was male, the white “dry” sperm concen-
trate. would ooze [rom the punctured testis and could be
casily aspirated into a pipette. For a “concentrated sperm
suspension.” one drop of dry sperm was diluted in 5 ml of
FSW. For a “dilute sperm suspension.” one drop of the latter
was further diluted in 5 ml of FSW. If the animal was
female any free-spawned eggs were collected from the petri
dish; otherwise the eggs were flushed from the ovary by
aspirating a stream of FSW into the gonad. Eggs were lhen
pipetted individually into another clean petri dish containing
FSW, to reduce debris. Batches of about 50 eggs were
removed into six small glass vials containing 4 ml of FSW.
Two vials served as unfertilized controls. Two vials re-
ceived three drops of diluted sperm suspension. and in two
vials the FSW was replaced with concentrated sperm sus-
pension. The eggs in one set of vials were transferred 1o
primary fixative (see betow) after 30 s, and the eggs in the
second set of vials were fixed after 10 min.

Light microscopy

A few eggs were removed from control and experimental
vials during the experimenl to monitor the progress of
fertilization and to be photographed using an Olympus
BXS50F-3 light microscope equipped wilh bright field and
DIC optics. Slides were made by pipetting a few eggs onto
a clean glass slide, placing pieces of coverslip around 1o
make a well, then adding a whole coverslip, drying off
excess water, and finally sealing the coverslip with nail
varnish.

Sperm activity was noted to be highly variable. We tested
the effects of serotonin (5-hydroxytryptamine) on sperm
activity by mixing a drop of sperm concentrate with 1 m] of
serotonin solulion, 1o give a final concentration ranging
from 1 to 10 pM serotonin. One drop of this sperm solution

Figures 1-6. Micrographs of unfertilized eggs of Callochiton castaneus.
Figure 1. Ripe egg with intact layer of follicle cells (FC) dissected from the ovary. Note regular arrangement
of pores in hull (arrows) visible beneath tollicle cells. Scale bar = 100 um.

Figure 2.

Light micrograph of 1-pum section of egg removed from the ovary. showing a layer of intact

follicle cells (FC) and regularly spaced pores (P) in the jelly hull; the pores penetrate to the vilelline layer (VL)
overlying the egg membrane cups (MC). Note meshwork of fibers (arrowheads) supporting pore structure. Scale

bar = 10 pm.

Figure 3. Similar to Figure 1 except lhe egg has been rolled on sticky tape. which removed follicle cells and
pore openings (arrowhead), thus revealing pores in the jelly hull (arrows). Scale bar = 100 pm.

Figure 4. Close-up of a spawned egg in which the follicle cells have retracted, revealing the arrangement
of pores in naked jelly hull. Pore entrance (PE) is usually one-third of the diameler of the pore itself (double
arrow), thus restricting sperm entry. A sperm (Sp) is visible at the entrance 10 one damaged pore. Scale bar =

2 pm.

Figure 5. Vitelline layer (VL) of the egg has been rolled off on sticky tape. revealing a regular series of
membrane cups (arrows) that match up with pores in the hull. Scale bar = 15 pm.

Figure 6. Close-up of Figure 5, showing egg membrane cups with microvilli that are prominent on the raised
edges (arrows) but sparse in the bases of cups. Scale bar = 5 pm.
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was placed on a shde next to a separate drop of control
sperm in filtered seawater. and observed periodically.

Electron microscopy

The primary fixative was made by mixing 1 ml of 25%
glutaraldehyde with 9 m] FSW and adding this to 10 m} of
0.2 M Na cacodylate bulfer (pH 7.4). This gave a final
concentration of 2.5% glutaraldehyde in 0.1 A Na cacody-
late buffer and FSW, to which was added 0.1 A sucrose.
The fixative was refrigerated before use. Samples were fixed
overnight and then washed in two changes of 0.1 M Na
cacodylate buffer in FSW (pH 7.4) before post-fixing for 1 h
in 1.5% osmium tetroxide in the same buffer. Fixed eggs
were rinsed in distilled water and dehydrated in an ethanol
series to 100%. At this stage about half of the eggs in each
vial were removed to a second series of vials containing
1009% ethanol for preparation for scanning electron micros-
copy (SEM).

In samples destined for transmission electron micros-
copy. ethanol was replaced with propylene oxide and then
the eggs were transterred through infiltration media consist-
ing of mixtures of propylene oxide and TAAB 812/Araldite
CY212 resin (75:25, 50:50. 25:75) for 2 h in each mixture
in capped vials (after Cross, 1989). Samples were ex-
changed into pure resin and left overnight in uncapped vials
in a desiccator. The next afternoon, with the aid ol a
dissecting microscope, groups of five to six eggs were
aspirated into BEEM capsules halt filled with resin. Eggs
were allowed to sink and then were wranged into the center
of each mold using a stainless steel insect pin. Labels were
added. and the BEEM capsules were placed in a 60°C oven
tor 40 h. Thick sections were cut with glass knives in an
LKB 8800 ultratome, translerred to glass shdes, and stuined
with 1% toluidine blue for about 20 s before rinsing with
distitled water and air drying. Thin sections, with silver/gold
interference color, were cut on a diamond knife (Diatome)
and picked up on naked 150-mesh copper grids. Sections
were reverse stained with aqueous lead citrate for 1 min,
followed by aqueous uranyl acetate for 2 min, after the
method of Daddow (1986). Stained sections were examined
and photographed 1n a JEOL 1210 transmission electron
microscope operated at 80 kV.

Samples destined for SEM were exchanged through an
amyl acetate series to 100% and then aspirated under a
dissecting microscope into Teflon flow-through specimen
vials (Pelco) before capping and critical point drying. Sub-
sequently, mdividual Teflon vials were uncapped and in-
verted on an SEM stub coated with a carbon sticky tab. The
eggs stuck fast but could be rolled with an insect pin to
remove the egg hull and expose either the vitelline layer or
the egg membrane itself. Some eggs were cut in two with &
Kesei microknife (Japan). Stubs prepared in this way were
coated with gold in a Polaron EST00 sputter coater. Stubs

were examined and photographed 1n a JEOL JSM 840
scanning electron microscope.

Results
Morphology of the egg

The unspawned ripe eggs of Callochiton castaneus are
about 220 pm in diameter and surrounded by a vitelline
layer and a smooth, 20-pum-thick egg hull enclosed by a
single layer of follicle cells, usually hexagonally disposed
(Figs. 1, 2). The egg hull is made up of a delicate jelly coat
supported by a fibrous matrix that is permeated by a series
of pores spaced at regular intervals of 9 pm all over the
surface (Figs. 3. 4). 1f unspawned eggs are rolled on sticky
tape to remove the follicle cells. the regular array of pores
in the jelly coat becomes visible (Fig. 3). At its entrance,
each pore is about 2 wm in diameter (Fig. 4), but below this
the diameter enlarges to about 8 um (Fig. 2). Furthermore,
there is a network of fibers that criss-cross each pore from
apex to base (Fig. 2). Opposite, but below, the point at
which the pores contact the vitelline layer, the egg mem-
brane is formed into a series of cups (Figs. 5. 6). The
depression in each cup usually coincides with a pore, and
the hip of each cup coincides with the division between two
pores (Fig. 2). The raised edges of the cups are rich in
microvilh that penetrate into the vitelline layer (Figs. 2. 6):
in the base of the cups. microvilli are sparse (Fig. 7).

The mechanism of fertilization

Soon after spawned eggs contact seawater, any remaining
follicle cells retract, thus exposing the pores in the hull
(Figs. 4. 8). In dilute sperm suspensions. sperm quickly
locate the entrance to these pores and swim down to the egg
surface (Fig. 8). If a concentrated sperm suspension is used,
many sperm arrive at the egg surface simultaneously, over-
riding any potential block to polyspermy (Fig. 9). In these
cases the jellylike hull is dissolved in 1 or 2 min. leaving the
exposed vitelline layer of the egg coated with thousands of
penetrating sperm, many of which induce fertilization cones
(Figs. 9, 10). The fragile jelly coat degenerates in abont an
hour even under natural conditions, and it was not preserved
intact by routine hxation.

When a fertilizing sperm penetrates the vitelhne layer, the
needlelike nuclear filament bridges the perivitelline space
and egg cup to reach and fuse with the egg membrane (Figs.
11-13). The distance between the base ol each egg cup and
the vitelline layer varies from 1.5 —4 pm (Fig. 2). but the
clongate nuclear filament permits sperm-egg fusion up 1o a
distance of 6 um (Fig. 12). Contact between sperm and egg
results in their fusion and the formation of a narrow tube (<
0.1 pm in diameter) through which the threadlike chromatin
is injected into the egg cortex (Fig. 14). This is visible as a
thin white thread when stained with Hoechst's 33358 DNA
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Figures 7-10.  Micrographs of tertilized eggs of Callochiton castaneus: SEM = scanning electron micro-
graph: DIC LM = differenual interference contrast light micrograph.

Figure 7. SEM of an unfertilized egg split in half with a Kesei microknife to show egg membrane cups
(arrowheads). The vitelline layer has been removed. Scale bar = 10 pm.

Figure 8. SEM view of broken edge of the jelly hull. showing regular arrangement of pores above

(arrowheads) and penetrating sperm (Sp) on vitelline layer below. Scale bar

2 pm.

Figure 9. DIC LM of a polyspermic egg showing nunierous fertilization cones (arrows) heneath the elevated

vitelline layer (VL). Scale bar = 70 pum.

Figure 10.  SEM of a polyspermic egg showing fertilization cones (arrowheads) beneath the vitelline layer,
which has been partly removed by rolling the egg on sticky tape. Note also numerous sperm (Sp) on region of

intact vitelline layer (VL). Scale bar = 10 pum.

stain and viewed under UV light (Fig. 12 inset). A fertili-
zation cone is raised up around the penetrating nuclear
filament from the surrounding egg cortex. as well as from
fusion of adjacent egg microvilli (Fig. 13). However, the
fertilization cone remains below the barrier ol the vitelline

layer and engulfs only the nuclear filament (Figs. 12, 14).
The vitelline membrane raises up and forms the fertilization
membrane (Figs. 9, 12). The raised edges of the egg mem-
brane cups retract from the vitelline layer, creating a larger
(6-7 pm) perivitelline space that excludes late-arriving
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Figures 11-17.  Micrographs of sperm and fertilized eggs of Callochiton castaneus: SEM = scanning
electron micrograph: TEM = transmission electron micrograph; DIC LM = differential interference contrast
light micrograph.

Figure 11.  SEM of polyspermic egg that has been rolled on sticky tape, stripping the vitelline layer (VL)
next to a penetrating sperm (Sp) and revealing the terulization cone (FC) heneath it Scale bar = 2 pm.

Figure 12.  DIC LM of polyspermic egg showing one sperm (Sp) that has penetrated the vitelline layer (VL)
and induced a fertilization cone. and a second, late-arriving sperm that cannot reach the egg membrane with its
nuclear filament (arrowhead). Note also sperm flagellum (F) exhibiting large amplitude beat. Inset: Same as
Figure 12 except that the penetrating sperm has been labeled with Hoechs's 33358 DNA stain and photographed
under UV epitluorescence, revealing nucleus (N) injecting chromatin (arrowhead) into the egg cortex through the
fertilization cone (FC). Scale bar = 6 pum.

Figure 13.  TEM of a fertilization cone (FC) with part of a penetrating sperm (Sp) visible above the vitelline
layer (VL). Note that the fertilization cone corporates elevated cytoplasm as well as microvill (arrowheads).
Scale bar = 2 pm.

Figure 14. TEM of penetrating sperm injecting chromatin (arrowhead) into egg cortex. Note that the
vitelline layer (VL) is intact except for a small pore through it. Sperm mitochendria (M) and remnants of
alycogen (arrow) have collected in the membrane bag posterior to the nucleus (N). Compare with Figurel6.
Scale bar = 1 pm.
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sperm (Fig. 12). The sperm organelles—including the cen-
trioles, Magellnum, and mitochondria, as well as some resid-
ual glycogen granules—collect in a bag of membranes
above the fertilization membrane and do nol appear to enter
the egg cortex (Figs. 11, 14).

Morphology of the sperm

The sperm of Callochiton castaneus (described by Hodg-
son et al.,, 1988) has a bullet-like nuclens extending into a
long nuclear filament tipped by a minute acrosome, but it
has retained a relatively unspecialized mid-piece (Figs. 15—
17). Hodgson er al. (1988) believed that C. castaneus sperm
did not possess an acrosome. Careful reexamination of their
sections, however, revealed the presence of the minute
acrosomal vesicle, which is separated from the nuclear
extension by a basal plate (Figs. 15, 17). It was not possible
to discern any subdivision of the acrosomal vesicle n this
species. The main body of the nucleus is 3 wm long. and the
nuclear filament is a further 6 wm. The mid-piece comprises
five oblong mitochondria arranged fairly symmetrically
around the centrioles (Figs. 15, 16).

Sperm dissected from some males were inactive even
after being placed in seawater. However. all became
active within 1 min following the addition of 1 uM
serotonin. The degree of activity increased with increas-
ing concentrations of serotonin, up to the maximum
tested coneentration of 10 uM.

Discussion
Morphology of the sperm

Except in the suborder Lepidopleurina, the acrosome of
all chitons examined has been reduced to a small vesicle at
the tip of a needlelike nuclear filament. which is an exten-
sion of the main body of the nucleus (see review by Buck-
land-Nicks, 1995). Partial reduction of the acrosome is
noted among species of Lepidopleurina such as De-
shavesiella curvata (Pashchenko and Drozdov, 1998). How-
ever, sperm of a number of families in this basal suborder
have nol been examined: these include Hanleyidae,
Choriplacidae. and Nierstraszellidae. Acrosomes are fully
reduced in Callochitonidae, although the mid-piece of
sperm in this family has retained the primitive state, in
which mitochondria are symmetrically disposed around the
centrioles and there is no reinforcement of the flagellum

(Buckland-Nicks, 1995). In most Chitonina the mitochon-
dria are asymmetrically distributed around the centrioles
and, in addition, the flagellum is reinforced near the annulus
(Buckland-Nicks, 1995).

The activation of sperm by serotonin, which was ob-
served here for C. castaneus, has not been previously re-
corded in chitons, although this response is well known
from bivalves (Juneja er al., 1993) and has also been noted
in limpets (Buckland-Nicks and Howley, 1997; Buckland-
Nicks and Hodgson, unpubl. data). In bivalves, serotonin
has been shown to initiate sperm motility and egg matura-
tion, as well as to improve fertilization success (Juneja er
al., 1993). This preliminary evidence for a function of
serotontn in chiton reproduction brings hope that induction
of spawning also may be possible. Until now, the inability
to predict spawning has hampered studies of chiton repro-
duction.

Morphology of the egg

In Chitonida the egg hull is resilient, easily preserved,
and elaborated into spines or cupules that not only slow the
sinking rate but direct sperm 1o specific locations on the egg
surface (Buckland-Nicks, 1993, 1995). The egg hulls of
most Chitonina have elaborate spines with narrow bases and
highly variable tips (Eernisse, 1984; Sirenko, 1993). Eer-
nisse (1984) first suggested developing independent charac-
ter sets based on hull spine structure and gill placement to
test the validity of phylogenies based solely on shell valve
morphology (Smith, 1960; Van Belle, 1983). Sirenko’s sub-
sequent investigations proved that these characters (1993),
as well as variation in the articulamentum (1997) are useful
in the analysis of chiton phylogeny. The new sperm and egg
characters described here for C. castaneus will be important
in future cladistic analyses of the Chitonina because they
indicate that Callochitonidae are basal to Chitonina.

The egg hull of C. castaneus differs in some key respects
from that of other chitons studied; in particular, it is unlike
that of any other Chitonina. The vitelline layer is enclosed
by a fragile, smooth jelly coat that is permeated by large
pores. However. this type of hull may also oceur in De-
shayesiella curvata (Lepidopleurina); drawings of this spe-
cies show a similar jelly coat containing regularly spaced
pores (Pashchenko and Drozdov, 1998), although no micro-
graphs of this feature have been published. In fertilization
experiments with polyspermic eggs of D. curvata, it was

Figure 15.  SEM of sperm. showing acrosome (A) at tip of nuclear filament (NF), main body of nucleus (N).
mid-piece (MP), and flagellum (F). Scale bar = 1 um. fnset: TEM of apex of sperm revealing acrosomal vesicle
(AV) separated from nuclear hlameat (NF) by basal plate (BP). Scale bar = 0.7 pm.

Figure 16. TEM of sperm nucleus (N) and mid-piece showing mitochondria (M), centrioles (C). and
glycogen granutes (G). Note portion of nuclear filament (arrowhead). Scale bar = 0.7 pm.

Figure 17. TEM of apex of sperm revealing acrosomal vesicle (AV) separaled from nuclear filament (NF)

by basal plate (BP). Scale bar = (.7 pm.
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observed that the jelly coat disintegrated, much like that of
C. castaneus (Buckland-Nicks and Sirenko. unpubl. re-
sults). This phenomenon of a fragile jelly coat is a plesi-
omorphy shared between Lepidopleurina and Callochi-
tonidae, which excludes all other Chitonina studied thus far.

In species that have egg hulls with closed cupules. sperm
penetrate the hull exclusively between the cupules. usually
where their hexagonal bases meet (Buckland-Nicks. 1995).
Eges of some Acanthochitonina, such as Lepidochitona
dentiens and L. fernaldi, have micropores in this region.
These permit easier access to the vitelline layer, although
sperm have two granules in the acrosome. suggesting that
the hult may still represent a barrier (Buckland-Nicks er al.,
1990). C. castaneus appears to have a simpler acrosome
structure, which would correlate with the provision of direct
access to the vitelline layer by large pores in the jelly hull.

In summary, C. castanens gametes and those of the
Lepidopleurina share plesiomorphic characters such as a
simple arrangement of mitochondria in the sperm mid-piece
and a smooth egg hull. Yet C. castaneus shares the derived
characters of nuclear extension and reduction of acrosome
with all other Chitonida. A previous cladistic analysis of
chitons, which was largely based on sperm and egg char-
acters, predicted that Callochitonina was distinct from Chi-
tonina (Bucktand-Nicks, 1995). The present study corrobo-
rates this prediction and indicates that C. castaneus is
unique and perhaps should be placed in a sister taxon to
both Chitonina and Acanthochitonina.

The mechanism of fertilization in chitons

Fertilization in C. castaneus and other Chitonida bears
some similarity to that in other molluscs, in the sense that a
sperm acrosome releases enzymes that digest a pore in the
egg envelope, enabling the inner acrosomal membrane to
fuse with the egg membrane (Buckland-Nicks er al., 1988,
this study). However, in many other respects the mechanism
ol fertilization in these chitons is highly derived when
compared with those of other moliuscs and of metazoans in
general.

Firstly, there is no extrusion of an acrosomal process or
“perforatorium™ by the polymenzation of actin, as occurs
throughout molluscs and other metazoan groups (see review
by Tilney. 1985). Rather, in all members of Chitonida the
permanent needlelike nuclear filament has replaced the per-
foratorium (Buckland-Nicks er al.. 1988b, 1990). The inter-
mediate condition of a short nuclear extension found in
Deshayesiclla curvare (Pashchenko and Drozdov, 1998)
suggests that reduction in acrosome size among fepidopleu-
rids may be linked with an increase in the length of the
nuclear filament. Furthermore. all lepidopleurids examined
have a subacrosomal granule, which in other metazouans 1s
composed of actin for extruding the perforatorium during
tertilization.

A second important difference observed between Chi-
tonida and other molluscs 1s that the sperm organelles, as
well as most of the nuclear membrane, apparently remain on
the surface of the egg (Buckland-Nicks er al., 1988b: Buck-
land-Nicks. 1995 this study). No chiton sperm has been
observed becoming completely engulfed by a fertilization
cone. The probable reason for this is that the vitelline layer,
disturbed only by a minute pore permitting penetration of
the nuclear filament, remains a barrier to the envelopment of
the sperm by the tertilization cone. In other molluscs such as
bivatves, as well as in many other metazoans, the vitelline
layer is breached and the fertilization cone raises up through
it to engulf the entire sperm. including part of the tlageltum
(see reviews hy Tilney, 1985: Longo, 1987). In these spe-
cies there is an initial paternal contribution of centrioles and
mitochondna to the egg at fertilization. although, with the
exception of some bivalve molluses (Hoeh et al., 1991), the
paternal mitochondria degenerate and do not contribute to
the zygote. Furthermore, in sea urchins and some other
metazoans, a sperm centriole contributes to the movement
of the pronuclei as well as to the formation of the mitotic
spindle prior 1o first cleavage (see review by Gilbert, 1999).
Chitons may be unique among molluscs if. in addition to the
exclusion of paternal mitochondria, the centrioles that form
the mitotic spindle are also maternally derived. Confirma-
tion of this derivation will require appropriate labeling of
sperm centrioles and mitochondria before and after fertihi-
zation.

To better understand how the mechanism of fertilization
huas evolved in chitons, it will be important to examine
fentlization in a species like Leprochiton asellus. which has
a typical molluscan acrosome (Hodgson et al.. 1988) and
perhaps a mechanism of sperm entry more similar to that of
limpets or bivalves.
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